of elevated temperature, different pH range, elevated salt concentrations, and non-aqueous medium [2] .
Halophilic lipolytic enzymes such as lipases have a wide range of promising biotechnological potentials; they have been considered as an important biocatalyst in various stereospecific reactions, such as transesterification, hydrolysis, amidation, and ester synthesis [3] . Lipase produced by halophilic organisms can be used for the synthesis of oleochemicals, including fatty acids and fatty acid esters (FAEs). FAEs exhibit long-chain carboxylic acids and longchain alcohols known as wax esters are intended for use in personal care products [4] . FAEs are mandatory components in several cosmetic formulations used as emollients or softener for skin-care, emulsifiers, re-fatting agents, solubilizers, thickening agents, and multifunctional additives [5] . In addition, microbial lipases are valuable biocatalysts and attractive for use in industrial processes due to their wide substrate specificity and immense regio-, chemo-, and stereoselectivity [6] . However, most lipases used in industrial settings are hampered with their loss in activity and stability, which include the low thermostability and rapid loss of activity with the organic solvents [7] . These are the main reasons for the high cost and lower industrial use of enzymes [8] . On the other hand, halophilic lipases constitute the excellent alternative because of their improved tolerance, compatibility, and stability in aqueous/organic and nonaqueous media. Biocatalysis of lipase in organic solvents offers numerous benefits including, change of thermodynamic equilibrium toward the synthesis than hydrolysis, high dissolution of hydrophobic compounds, less water-dependent undesired reactions, little or no contamination by microbes, absence of racemization, modification of enzyme specificity to certain compounds (substrates), enhancement of thermostability, ease of product recovery and enzyme reusability and, feasibility of catalysing reactions labelled inconceivable in organic media [9] .
In numerous microorganisms, lipase secretion is growth associated and concentration of enzyme is noticed to attain its peak in the stationary phase or the late log phase of the growth curve. The period of production for the most lipases is in the range from a few hours to a few days [10] . Halophilic enzymes and biomass production can be improved by optimization of medium composition and process parameters [11] . This is recorded as one of the major significant steps in the development of less expensive fermentation process [12] . The classical One-factor-at-a-time (OFAT) strategy for the optimization of culture medium components detects the optimum levels of main process factors by varying one parameter at a time and leaving others fixed [13] . On the other hand, the Response surface methodology (RSM) which is more effective and reliable, involves in utilizing statistical and mathematical models to determine the influence of varying parameters simultaneously that affect the experimental responses [14] . The Face Centered Central Composite Design (FCCCD) was used in the current investigation to detect optimum settings for significant variables, as well as the interaction relationship among the variables. Plackett-Burmann (PB) experimental design is another statistical method that has been utilized for initial screening of the most important culture medium components and parameters among variables for the enhanced halophilic lipase secretion by Marinobacter litoralis SW-45. Geoffry and Achur [15] recently revealed that the combinatorial statistical optimization strategy enhanced the halophilic lipase secretion by 3.2-fold, compared with the unoptimized experiment.
To enhance the enzyme activity, it is imperative to notice the attitude of the halophilic enzymes in optimal culture conditions based on their salt requirement in order to prevent the enzyme inhibition during fermentation. Irrespective of the organism whether it is halophilic or halotolerant, the salt requirement for optimum lipase production in certain cases is reliant on the necessary salt level for the growth [2] . In addition, the lipase production has been attested [16] to be generally increased in media having oil or oil-related compounds, as well as in some instances, in the presence of carbohydrates.
Although, the novel biotechnological potentials of halophilic enzymes have been recognized, they remain to be fully exploited both at research and industrial level. Therefore, the consistent exploration of lipases with undiscovered extreme activities and enhanced stability remains a primary objective in the current research. Moreover, until now, only a few studies are available for the improvement and characterization of halophilic lipase for the potential application in biotechnological processes. In addition, the combinatorial approach involving the use of classical OFAT and statistical PB and CCD for the lipase secretion by halophilic bacterial strains is less explored. Thus, this study was embarked to improve the extracellular lipase secretion by the isolated, moderate halophilic M. litoralis SW-45, through optimization of important nutritional and process parameters by One-factor-at-a-time (OFAT), Plackett-Burman experimental design and FCCCD. In addition, biochemical characterization of the secreted extracellular lipase, particularly stability and activity in organic solvents, in presence of salts, metal ions, surfactants and inhibitors, as well as the application of the characterized lipase for esterification of palmitic acid and three (3) alcohols in different organic solvents were undertaken and reported. This study has brought about novelty by application of moderately halophilic bacteria lipase with commendable tolerance to varying organic solvents with or without salt for the production of palmitic acid esters, which are biotechnologically important in cosmetic industries.
| MATERIALS AND METHODS

| Microbial strain
Marinobacter litoralis SW-45 is a new locally isolated and identified species (GenBank accession number is Gi: 265678537), maintained at the culture collection centre of Bioprocess Engineering school, Universiti Malaysia Perlis. The strain is cultured and kept on Modified Sehgal and Gibbons Complex (SGC) medium enriched with NaCl at 4°C and periodically sub-cultured.
| Growth media and halophilic lipase production in shake-vessel
The halophilic growth medium [modified seed culture medium (SGC)] used was contained (g L −1 ): Casein-peptone: 7.5; Yeast extract: 10; KCl: 2; FeSO 4 · 7H 2 O: 0.01; Sodium citrate: 3; MgSO 4 · 7H 2 O: 20; supplemented with 2% olive oil and 10% NaCl. The inoculum was made by transferring (loop full) the pure strain into 25 ml modified SGC contained in 100 ml flask. The vessel was placed on a rotary shaker operating at 150 rpm and at 37°C (for 48 h). Two millilitre (1.0 × 10 −6 cells ml −1 ) of the prepared culture was introduced into 50 ml modified SGC medium contained in 250 ml Erlenmeyer flask and kept at 37°C for 60 h on incubator shaker (Sartorius, Germany) operating at 150 rpm. The crude extracellular lipase was obtained by centrifugation of culture suspension at 8000 rpm for 20 min (at 4°C) to remove the cells. The resultant supernatant was assayed for extracellular lipase activity.
| Assay of halophilic lipase activity
Lipase activity was measured by an assay reaction conducted by adding the crude lipase (0.05 ml) to suspension of 2.2 ml of 25 mM phosphate buffer (pH 7) and 0.25 ml of 2.5 mM pNPL [17] . The hydrolysis was performed at 60°C (for 10 min), then 0.25 ml of 0.1M Na 2 CO 3 was introduced to terminate the reaction and the activity was determined using spectrophotometer (UV-VIS Shimadzu, Japan) at 412 nm wavelength. A halophilic lipase activity unit is defined as the volume of the lipase producing p-nitrophenol (1 mol) per minute under the standard conditions of assay.
| Potential application of the lipase in fatty
acid esters (medium-chained) production Fatty acid esters production was achieved by esterification in the presence of crude lipase from M. litoralis SW-45. The reaction mixture is composed of 10 ml solvent at equimolar concentrations of acyl acceptors (butanol, hexanol, and octanol,) and palmitic acid as the acyl donor in 125 ml vessels (flasks). The reaction commenced by the introduction of crude M.litoralis SW-45 lipase (MLL) (30% v/v) to the reaction suspension in the vessels, and placed on incubator shaker at 45°C; 200 rpm for 75 min. Control experiments were done alongside the tests under the similar conditions but in the absence of lipase. Samples were collected from the organic solvent-phase after the reaction terminated to determine the yield of the ester. The ester conversion rate was determined by the measurement of the quantity of the remaining palmitic acid in the reaction medium. Samples were collected and diluted with acetone/ ethanol 1:1 (v/v) mixture (10 ml), and the acid values of the mixture were assessed by titrating with 0.1 N NaOH, utilizing phenolphthalein (25 μl from 2% w/v solution in absolute ethanol) indicator. The percentage yield of palmitic acid ester was calculated using the following expression [17] :
where AVo equals initial palmitic acid value and AVt is the palmitic acid in the mixture (reaction) at the end of the esterification.
In order to evaluate the ability of the lipase to catalyze the esters synthesis in organic solvents, as well as the interactive effect of the solvents as a medium for esterification, the reaction was engaged in different organic solvents such as; n-heptane, n-hexane, and iso-octane. Further still, to analyze the impact of various NaCl concentrations on the performance of the lipase for ester production, the acyl acceptor (butanol) with the highest ester yield in the initial experiment was selected and further used for esterification with palmitic acid in various organic solvents (n-heptane, n-hexane, and iso-octane), and alongside various NaCl levels. Samples were collected at the end of the reaction period to determine ester conversion as earlier described. Figure 1 displayed that the highest extracellular lipase production (0.824 U ml −1 ) and the highest cell growth by M. litoralis SW-45 were simultaneously attained at 102 nd hour, which corresponds to the late stationary growth phase. This study revealed that maximum extracellular lipase activity was detected at the late stationary growth phase but eventually declined after 102 h, while the bacterial cell growth ceases and remained stagnant. Fig. 2a shows that maltose stimulated the highest lipase secretion (0.833 U ml −1 ), while glucose gave the lowest lipase production of 0.317 U ml −1 . With the exception of glucose, other monosaccharides; fructose and galactose, disaccharides; lactose and sucrose, and all the complex sugars were tested induced a considerable amount of lipase. Glycerol was also found to stimulate the good lipase activity (0.766 U ml −1 ).
| RESULTS
| Halophilic lipase production profile
The result in Fig. 2b shows that M. litoralis SW-45 produced highest halophilic lipase (0.85 U ml −1 ) at 1% (v/v) olive oil concentration. It is noteworthy that increased olive oil concentration beyond the optimum level (1% v/v) resulted in decreased lipase yield. Thus, maltose (3 g L −1 ) and olive oil at 1% (v/v) were used as the best carbohydrate and inducer for the halophilic lipase secretion, respectively.
The influence of temperature on the lipase secretion is paramount because it influences the survival of the microbe in the culture medium. The influence of cultivation temperature on halophilic lipase secretion level was determined at the optimal olive oil concentration. The result in Supporting Information Figure S1a shows that an optimum level (0.852 U ml −1 ) of halophilic lipase production was attained at 30°C growth temperature.
Different inoculums (1.0 × 10 −6 cells ml −1 ) ranging from 1 to 7% (v/v) were evaluated to know the inoculum volume for maximal halophilic lipase secretion. The lowest halophilic lipase activity (0.793 U ml −1 ) was recorded with the inoculum volume of 1% (v/v), however, as the inoculum concentration increases lipase secretion also increased until the inoculum concentration of 4% (v/v), where the optimum lipase activity was 0.953 U ml −1 . Any further increase in inoculum concentration results in declining the lipase production. Thus, the inoculum size of 4% (v/v) was utilized for further optimization studies.
From the OFAT results, the optimal conditions for halophilic lipase production was observed includes maltose at 3 g L −1 , 1% (v/v) olive oil, the growth temperature at 30°C, and inoculum volume of 4% (v/v). These parameters were chosen for further statistical optimization studies using Plackett-Burman experimental design and RSM by FCCCD.
| Screening of the medium components and process parameters using PB design
Those factors are significantly influencing the halophilic lipase production by M. litoralis SW-45 were evaluated using PB experimental design. The main influence for each factor was determined and presented in Fig. 3 . The result obtained here shows that MgSO 4 · 7H 2 O had the higher level positive effect on halophilic lipase activity by M. litoralis SW-45 (olive oil) concentrations on halophilic lipase production by M. litoralis SW-45. Error values are averaged by triplicate. A point of decline in the lipase production is indicated by an arrow followed in order by NaCl, agitation speed, FeSO 4 · 7H 2 O, yeast extract and KCl. This signifies that the high level of MgSO 4 · 7H 2 O had the most significant positive impact on halophilic lipase activity by the strain, and in that order of the parameters. Thus, it is necessary to maintain these parameters at a high level to improve the lipase production in further optimization studies. PB design also showed the significant positive impact of NaCl on halophilic lipase secretion. FeSO 4 · 7H 2 O equally had the positive effect on the halophilic lipase production by stimulating the organism's growth. Further still, yeast extract and KCl also had a slight positive influence on the halophilic lipase secretion by M. litoralis SW-45.
| Optimization of medium components using FCCCD
After the ranges of significant variables have been selected through PB screening, the RSM using FCCCD was employed to estimate the optimum levels of the most significant factors (MgSO 4 · 7H 2 O, NaCl and FeSO 4 · 7H 2 O) determined by the PB experimental design, and to investigate their interaction effects with the lipase activity (U ml −1 ) as a response. Optimal levels of other fixed factors used in the study were identified due to the results obtained from OFAT and PB experimental design. The second nitrogen source, caseinpeptone in the medium and maltose (carbon source) were kept at a low concentration while olive oil, temperature, and inoculum size were kept constant with the optimal levels recovered from the outcome of the OFAT.
The result of the medium component optimization for optimum halophilic lipase activity observed upon the interaction between the variables in experimental runs is displayed in Supporting Information Table S1. The representation of predicted and actual values is depicted in Fig. 4 . The optimal values for the halophilic lipase production were estimated by aligning a second-order model to the experimental lipase activity by the Design Expert software according to the following regression equation:
where Y equals the response (halophilic lipase activity); which is a function of (A) MgSO 4 · 7H 2 O, (B) NaCl and (C) FeSO 4 · 7H 2 O, AB, AC, and BC are the interaction influence of the variables, whereby the individual variables represented by letters A, B, and C signify the values of the main influence of each variable (Supporting Information Table S2 ). It is observed from Table 1 , the maximum halophilic lipase production (1.022 U ml −1 ) was attained at run 5 with the conditions: 10 g L −1 (w/v) MgSO 4 · 7H 2 O, 5% (w/v) NaCl and 0.015 g L −1 (w/v) FeSO 4 · 7H 2 O, while the lowest halophilic lipase production (0.316 U mL −1 ) was observed at run 8 when the levels of MgSO 4 · 7H 2 O and NaCl in the broth medium were increased to 30 g L −1 (w/v) and 13% (w/ v), respectively. The results from the FCCCD were observed by the standard analysis of variance (ANOVA) to check the functionality of the model ( Table 2 ). The computed F-value of 19.51 implies that the model is highly significant, because there is just a 0.01% probability that the model F-value occurred due to noise. The "Prob >F" values <0.05 indicate that the terms of the model are important for the halophilic lipase secretion. The results in Table 2 show that the quadratic impact of MgSO 4 · 7H 2 O and NaCl, and the linear influence of MgSO4 · 7H 2 O and NaCl were found significant (p < 0.05) for the halophilic lipase production. The interaction effects of MgSO 4 · 7H 2 O and NaCl, MgSO 4 · 7H 2 O and FeSO 4 · 7H 2 O, NaCl and FeSO 4 · 7H 2 O and the main or linear effect of FeSO 4 · 7H 2 O were found to be not significant. The | 91 correctness of the model was evaluated through the coefficient of determination of R 2 , which was estimated to be 0.9512, meaning that the value of each variable suited the model. It also indicates that the R 2 equals 0.9512 was in reliable agreement with the adjusted R 2 equals 0.9025. The predicted R 2 value of 0.7366 further showed reliable agreement with the adjusted R 2 equals 0.9025, consequently meaning that the polynomial model is trustworthy for the estimation of the halophilic lipase production. In addition, the adequate precision value (15.52) that determines the signalnoise ratio was higher when the comparison was made to the desired value of ">4," thus indicating the signal is adequate. This model can be utilized to explore the design space and a coefficient variable as low as 9.25% demonstrated the reliability and precision of the experiment. The lack of fit value equals 1.27, implies that the data (experimental) are in reasonable conformity with the model. Overall, on the basis of the results obtained from the experiment, the model is considered fit to be engaged to produce response surface for the analysis of the parameter influence (both main and interaction effect) on halophilic lipase activity. It is obvious while observing the shape of the response surface that there is no positive interaction (as revealed earlier in the ANOVA result) between the variables studied in this experiment. Therefore, maximal halophilic lipase secretion was registered in the mid-concentrations of the factors (especially for NaCl), whereas continuous increment in the concentration led to a steady decline of enzyme yield. In Supporting Information Figure S2a and c, the 3D surface plot revealed that halophilic lipase secretion significantly improved as NaCl concentration increases, while the increase in either MgSO 4 · 7H 2 O or FeSO 4 · 7H 2 O levels respectively did not reveal any significant enhancement in enzyme secretion. On the other hand, the further increase in NaCl concentration beyond 8% (w/v) results in a slight decrease in enzyme production (noticeable in both Supporting Information Figure S2a and c). In case of MgSO 4 · 7H 2 O and FeSO 4 · 7H 2 O (Supporting Information Figure S2b ), increase in concentration of MgSO 4 · 7H 2 O from low level (10 g L −1 , w/v) to high level (30 g L −1 , w/v) results in significant decline in the halophilic lipase production, whereas increasing FeSO 4 · 7H 2 O concentration from 0.005 g L −1 (w/v) -0.015 g L −1 (w/v) showed little or no increase in lipase yield. It could be suggested that the bacteria required around 10.16 g L −1 (w/v) of MgSO 4 · 7H 2 O to reach optimum enzyme production. Verification of the generated polynomial model was performed in a set of experiments following the fermentation conditions and medium components suggested by the software (Supporting Information Table S3 ). Under the suggested conditions of the optimization study, the mean value of the halophilic lipase production was estimated to be 1.0307 U ml −1 , which is very close to the predicted 1.0369 U ml −1 value. This obvious synergy between the predicted and experimental halophilic lipase activity value verifies the dependability of the model. It is worthy of note that the slight deviation between the predicted and the experimental outcomes of the response, especially for the second and third runs (Supporting Information Table S3 ), may be attributed to the status of the microbial culture, as well as the nature of the organism's behavior which could be found varied when compared to a fixed chemical reaction system. It is quite evident that the halophilic lipase production (1.0307 U ml −1 ) obtained in the optimized fermentation condition by M. litoralis SW-45 was 1.7 times higher than that obtained in the unoptimized condition which was only 0.603 U ml −1 (unpublished result). Figure S3a presented optimal lipase activity (1.162 U ml −1 ) at pH 8, and the lipase was shown to be active and stable in a pH of 7-9.5, indicating its alkali-stable nature. A steep decline in lipase activity was recorded at pH beyond this optimum range. A similar pattern was received in the case of pH stability experiment in which optimal lipase stability (1.081 U ml −1 ) was recorded at pH 8 after 24 h incubation (at 4°C).
| Influence of temperature on lipase activity and stability
The temperature profile of the lipase activity is illustrated in Supporting Information Figure S3b and c. The crude lipase showed optimal activity at 50°C. The enzyme displayed excellent thermostability over a temperature range of 30-50°C (Supporting Information Figure S3c ) after incubation for 2 h, but its activity and stability drastically decreased at a temperature beyond the optimum (50°C). The influence of two different salts (NaCl and KCl) and their concentrations on crude lipase activity and stability is presented in Supporting Information Figure S4a and b. Maximum lipase activity (98%) was observed at 12% (w/v) NaCl. This result indicates that the lipase is moderately halophilic in nature. Conversely, the lipase was incredibly active over a wide range [0-27% (w/v)] of KCl concentration, in which activity above 100% was retained. For stability study observed in Supporting Information Figure S4b that the lipase was highly stable over wide NaCl and KCl concentration ranges from 0 to 21% (w/v) and 0-30% (w/v), respectively. The lipase in this study displayed a strong tolerance to KCl and NaCl. It was found stable at no, low and moderate NaCl concentrations, while in the case of KCl it showed improved tolerance by retaining activity at both elevated and lower levels, as well as without the salt.
| Influence of organic solvents on lipase activity and stability
The influence of the different organic solvents on activity and stability of the lipase is depicted in Fig. 5a and b, respectively. The result obtained showed the lipase display high activity and stability in both low and high concentrations of hydrophobic (high log p) solvents. It could be observed that the lipase activity and stability increased as the concentration of the hydrophobic organic solvents increases. On the other hand, the lipase was also found to be significantly active in all the hydrophilic solvents (low log p solvents) tested namely; chloroform, methanol, acetone, ethanol, and iso-propanol at low (25%) concentration. However, it showed drastic inactivation in the occurrence of high level (50 and 75%) of hydrophilic solvents. The only exception to this situation is acetonitrile and pentanol which were found to enhance the activity and stability of the lipase as the concentration of the hydrophilic solvents increases from 25 to 75%. Interestingly, the lipase stability was improved at 25% concentration of the hydrophilic solvents (chloroform, methanol, acetone, ethanol, and iso-propanol) after 24 h of incubation at 37°C. Overall, all the hydrophobic solvents tested in this study improved the activity and stability of the halophilic lipase, thereby making up the best solvents to be utilized in synthesis (reaction) like esterification and transesterification. A contrary result was obtained in our previous work [18] , in which halophilic lipase by moderate, Bacillus amyloliquefaciens AKK2 revealed the improved tolerance to hydrophilic solvents than the hydrophobic counterparts.
| Effect of metal ions and inhibitors on lipase activity
As indicated in Supporting Information Table S4a , lipase activity was enhanced with Hg 2+ , Mg 2+ , and Ca 2+ while other metal ions namely; Cu 2+ , Zn 2+ , Fe 2+ , Al 3+ , Co 2+ tested, particularly Cu 2+ significantly inhibited lipase activity. An enhanced activity was observed when the concentration of Sn 2+ , Ni 2+ , Mn 2+ , Hg 2+ , and Fe 3+ was increased from 1 to 5 mM. The effect of inhibitors on the activity of lipase is shown in Supporting Information Table S4b . It could be seen that the lipase was less responsive to most of the inhibitors tested, except for DEPC that showed significant enzyme inhibition at 5 mM concentration. This could possibly indicate that the disulphide bonds and histidine residues which are essential for enzyme function were easily accessible by the DEPC in the lipase.
| Influence of surfactants/detergents on lipase activity
The influence of surfactants or detergents on crude MLL activity is shown in Supporting Information was noticed, while increment in the concentration of SDS (from 0.1 to 0.5%) and CTAB (from 1 to 10 mM) inhibited the lipase activity. The result obtained in this study is consistent with the findings of Hemamalini and Khare [19] where they reported extreme stability of Marinobacter sp. EMB5 lipase in CTAB, Triton X, and Tween 80, and significant inhibition of lipase activity by SDS.
| Application of MLL in fatty acid
(medium-chain) esters production Figure 6a has shown that maximal ester conversion of 48% in a short period of 1 h 15 min was obtained when hexane was utilized as the reaction medium, with butanol as the acyl acceptor. Butanol was found to be the best acyl acceptor for esterification with palmitic acid among the three alcohols used in this study. Esterification in iso-octane medium was equally promising in which the lipase was able to catalyze ester conversion of 46.7, 43.8, and 43.3% with butanol, octanol, and hexanol as acyl acceptors, respectively. More so, in heptane medium, butanol was also the best acyl acceptor followed in order by hexanol and octanol, to give ester conversion of 45.5, 45, and 44.1%, respectively. Hence, butanol was selected for further esterification studies. It can be depicted from Fig. 6b that the highest ester conversion (53.65%) was recorded when heptane (log p 4.274) was utilized as the reaction medium, and with 9% (w/v) NaCl. This translates to a 1.1 fold increase in ester yield in comparison to the reaction medium without NaCl where ester conversion was 48%. On the other hand, optimum ester yield of 38% in hexane (log p 3.5) medium at 3% (w/v) NaCl and 45.75% ester yield in iso-octane (log p 4.373) medium at 5% (w/v) NaCl was obtained.
| DISCUSSION
M. litoralis SW-45 is a moderately halophilic bacterium with genes encoding lipase, phospholipase, esterase, protease, and RNase with varying potentials in biotechnological application. The secretion of lipase in most microorganisms is associated with the growth and the concentration of the enzyme is recorded to reach its highest level in the late log phase or stationary phase of the growth [10] . The decline in extracellular lipase activity could be attributed to the nutrient exhaustion and/or accumulation of toxic products that inhibit enzyme production or proteolysis of lipases by proteases, which were secreted within the fermentation medium [20] . Carbon sources have often been considered as an important parameter for the expression of lipase activity due to the inducible nature of lipases. Maltose has been reported as an enhancer of lipase secretion in some organisms [21] . Although, some authors [22] [23] [24] have recorded the enhanced lipase production when glucose and olive oil were used in combination as carbon sources, contrarily, a low lipase yield was recorded in this case. The importance of sugars as a carbon source alongside lipids differentiates with microorganisms [25] . Moreover, the repressive influence of glucose on lipase secretion may be related to catabolite regulation mechanism in bacteria that keeps sugar utilization to a certain level according to the organism's metabolic capacity [26] . Lipidic carbon sources, such as natural oils induce lipase secretion, whereas carbon sources that are conveniently metabolized and utilized by bacteria show an inhibitory effect [21] . The repressive influence of glucose on lipase biosynthesis was documented by Ramos-Sánchez et al. [27] and Kumar and Kanwar [28] .
Microbial lipolytic enzymes are either constitutive or inductive in nature, therefore, the substrate as lipids in the fermentation medium enhance lipase secretion. Generally, the intracellular and extracellular lipase activity enhances with the increment of lipid concentration, however, the elevated concentration in the fermentation medium may cause cytotoxicity [29] . Excessive concentration of lipid leads to the formation of the biphasic system, which prevents the movement of oxygen and assimilation of nutrient by the organism in the culture medium [28] . The result shown in this research aligns with the work of Pérez et al. [30] , where 1-2% (v/v) olive oil was used for detecting the hydrolytic potential Higher levels of lipase activity have been shown from different microorganisms with the olive oil as a lipidic carbon source [21, 31] .
The influence of temperature on the lipase secretion is paramount because it influences the survival of the microbe in the culture medium. In the previous study, the fermentation temperature range of 28-45°C was recorded to be supportive for lipase secretion [32] . The optimum temperature determined for M. litoralis SW-45 in this study is comparable to the marine bacteria, Pseudomonas sp. MSI057 [33] . A supportive temperature range of 30-40°C was also documented [34] for the optimal lipase secretion by a moderately halophilic bacterium, Halomonas salina, whereas a temperature of 39.5°C supported maximum halophilic lipase secretion by Virgibacillus alimentarius LBU 20907 in the study recently conducted by Dueramae [35] .
The size of inoculum was used during the fermentation process plays an important role in microbial lipase production. The decline in enzyme production with a high inoculum concentration may be due to a large number of bacterial cells utilizing available nutrients for cellular growth before being physiologically ready for lipase production [36] . This appears to be the reason for the drop in lipase production under limiting nutrient conditions during fermentation.
The ability of MgSO 4 · 7H 2 O to support the maximal halophilic lipase production can be related to the nature of halophilic environments endowed with high MgSO 4 quantity, such as in Kelambakkam solar salterns [37] . Generally, metal ions including Ca 2+ and Mg 2+ are needed for halophilic protein activity and stability [14] . It is reported that magnesium salt is generally required by most microorganisms for regulatory functions connected with the enhanced ATP metabolism and biosynthesis of nucleic acid [38] . Zhang et al. [39] in their earlier study retained Mg 2+ as one of their medium components, at a higher level for further optimization studies because it had a stimulatory effect on the halophilic lipase production. On the other hand, Sathiskumar et al. [40] noticed a negative effect of MgSO 4 on alkaline lipase activity produced by Halobacillus trueperi RSK CAS9. Each microorganism needs varying inorganic minerals for their metabolism and lipase secretion [38] . Elevating NaCl from low amount (5%, w/v) to high amount (7%, w/v) may enhance the halophilic lipase secretion in this study. It is well-known that halophilic microorganisms and their metabolites as well as their enzymes often require salt for optimum growth and activity. However, culture parameter optimization for the secretion of halophilic lipases needs knowledge on the optimal salt requirement for enzymatic activity and the range of stability of the enzyme to avoid the generation of inhibitor [2] . Agitation is one of the significant physical parameters that had a positive effect on the halophilic lipase production in this study. Agitation to a large extent increases lipase secretion and it is related to the fact that agitation increases oxygen transfer rate, surface area contact to the media components and good dispersibility of the lipidic substrate during fermentation [41] . It was reported that Fe 2+ are used by the microbial cell for heme and cytochrome synthesis [42] . Organic nitrogen sources including yeast extract and peptone, are generally preferred and was earlier shown to positively influence lipase secretion [10] . Biomass and the lipase production are reported to be increased by nitrogen-containing sources, particularly organic nitrogen sources that supply effective nitrogen source for the growth of bacteria as well as increasing their protein yields [21] . K + are also in general necessary in high quantity for halophilic protein activity and stability of certain halophilic enzymes [37] .
Moderate levels of MgSO 4 · 7H 2 O concentration (10 g L −1 , w/v) and NaCl concentration (5%, w/v) required by the bacteria for halophilic lipase production indicate that it is a moderate halophile. These significant factors (MgSO 4 · 7H 2 O and NaCl) connotes they could serve as limiting-media components wherein slight changes in their levels will influence on the metabolic rate or the production (enzyme) rate or both [43] .
The plausible reason for the slight decline in enzyme production with an increase in NaCl concentration could be related to the fact that the saturated saline condition in the culture broth is overwhelming for the extracellular enzyme because the salt concentration has exceeded the limit which the enzyme can tolerate, hence, inhibition occurs. The optimal stability and activity of haloenzymes commonly take place at a higher NaCl level and NaCl is needed to manage the structure. However, higher salt level hinders the presence of water in the microenvironment of the protein, thereby causing modifications in the structural and functional role of the enzyme [44] . On the other hand, requirements for magnesium salts are broad among halotolerant and halophilic microorganisms; Mg 2+ is generally required in higher concentrations for growth. However, not all do require the ion in high levels, and the growth of some halophilic and halotolerant microbes is inhibited by higher Mg 2+ concentrations [45] . Although, iron is a minor or trace element often added to hypersaline media as either chloride, citrate, or sulphates, it has been shown to be essential for growth of halophilic and halotolerant organisms at concentrations similar to those used by other bacteria and archaea [45] .
The physiological and metabolic adaptations of alkaline tolerant microbes in some cases aid the production of enzymes with desirable extra features including, thermal stability, and organic solvent stability; hence, alkaline stable lipase are immensely desired for many biocatalytic reactions such as detergent formulation, food and feed formulation, flavor synthesis and bioremediation [9] .
Activity and stability of halophilic enzymes at elevated temperature is a common phenomenon and is the expected adaptive response to the excessive temperatures that halophiles normally withstand in their natural environment [46] . The inability of the enzyme to withstand temperature beyond 50°C could be due to thermal inactivation of the protein [47] . Thermostable enzymes possess main biotechnological superiority over their mesophilic counterpart; their elevated thermostability is associated with high resistance to denaturing chemicals like organic solvents. Besides, running enzyme reactions at elevated temperatures allow much greater substrate levels, reduced viscosity, and mostly increases the reaction rate [48] .
Several halophilic enzymes require KCl or NaCl availability for optimum stability and activity [49] . The ability of the enzyme to exert its role and function optimally either in the presence or absence of salt is an important feature from biotechnological perspective, since the enzyme may be utilized in both circumstance, when compared to another halophilic biocatalyst that loses their activity drastically and irreversibly when exposed to low salt concentrations [8] . Halophilic enzymes generally show the stability over the highest enzymatic activity [2] .
Lipase stability and activity in organic solvents are important and essential prerequisite because recent advances in biosynthetic applications need reactions in the harsh nonaqueous environment. Stability of halophilic enzymes in solvents is a general phenomenon [50] . Most lipases show strong tolerance toward hydrophobic solvents due to their general behavior [51] . A sensible explanation of the attitude of the most lipases may be relied on the communication of the hydrophobic amino acid of the polypeptide lid spanning the catalytic region of the biocatalyst alongside the organic solvent molecules, thus maintaining the open conformation and biocatalysis feature of the enzyme [8] . Moreover, solvents with low log p have the tendency of causing biocatalyst denaturation than solvents with high log p. It has been reported that organic solvents function as mild chaotropic agents collapsing hydrogen bonds between subunits of protein as well as decreasing the biocatalytic efficiency of the enzyme [8] .
Several enzymes require certain ions to regulate the catalytic sites. However, different lipases display varying response to metal ions; those ions that act as activators for some lipases hinder the activity of a few others [16] . Generally, metal ions influence the biocatalytic role of lipases by altering the dissolution and behavior of ionized fatty acids through the formation of a complex with metal ions and enzyme inhibition [52] . The probable explanation for improved activity in the presence of these cations is that they attach to the catalytic site of the enzyme and alter the structure of the protein for adequate performance [21] . DTT and β-mercaptoethanol as known reducing agents that normally cause enzyme inhibition did not cause any reasonable inhibition in our study, indicating that the quantity used was probably not enough to cause inhibition of the lipase activity [53] . Phenyl methyl sulfonyl fluoride (PMSF) was tested because it was earlier documented as a specific inhibitor of serine hydrolytic enzymes by covalently joining to the activated serine, thereby preventing the formation of hydrogen bonds network that is important for biocatalytic activity [54] . Slight inhibition by PMSF, a serine modifier was noticed, meaning that serine and cysteine amino acids were required for lipase biofunction. The stability and enhancement of lipase activity in the midst of inhibitors and some metal ions is a desirable feature because several biotechnological techniques require the availability of some ions that could function as modifiers of enzyme activity in the reaction media [55] .
Surfactants/detergents either positively impact on enzyme activity by increasing lipid-water interface, thereby enhancing lipolysis, or adversely affect the enzyme activity by joining with the enzyme or alteration of the active site [47] .
Generally, lipase produced by halophilic microorganisms could be used in lots of applications, such as food industry for flavor formation, production of polyunsaturated fatty acidsenriched oils, synthesis of fine chemicals and biodiesel production. Although halophilic lipases are considered valued industrial biocatalyst because of their organic solvent resistant nature, the various physiochemical effects of organic solvents on lipase molecule in reaction media, such as stripping of hydration layer from the enzyme surface and reduction of enzyme-substrate interactions usually lead to loss of catalytic activity [56] . It is therefore imperative to modify the immediate surroundings of the enzyme by selection of the appropriate organic solvent. In selecting a non-aqueous solvent for a lipase catalyzed the reaction, some important criteria such as the compatibility of the solvent with the maintenance of the catalytic and substrate specific to the enzyme, inertness, low density to reduce mass transfer limitations, and other suitable characteristics need to be put into consideration [57] . The low ester yield experienced in this study especially when hexane was utilized as reaction medium in the presence of salt could be related to the unfavorable interaction effect between the enzyme and the solvents or the stripping of water layer around the enzyme, thereby causing disruption of the quaternary structure of the enzyme protein structure and subsequently inactivation [58] . Moreover, the nature of the solvent and its modification upon addition of salts may be expected to have a profound influence on the stability of the halophilic enzyme macromolecular structure [59] . It is well known that the active site of halophilic enzymes is greatly rich with excess acidic amino acids (aspartic acid and glutamic acid) with a greater hydrating capacity which forms favorable interaction with organic solvents especially the water-immiscible hydrophobic ones. However, some rules have been developed to predict the influence of certain solvents on the enzyme, whereby if log p < 2, disturbance of water structure takes place; when log p-value is 2-4, the influence of solvent is not predictable and when log p > 4, water structure is stable [56] . It can therefore be summarized that in order to ensure efficient lipase-catalyzed esterification reaction in non-aqueous solvent amongst other criteria, it is pertinent to consider the compatibility of the solvent with the maintenance of catalytic activity of the enzyme. Although the reaction conditions were not optimized in this study, the crude MLL displayed considerable potential for efficient esterification of palmitic acid to its corresponding butyl, octyl, and hexyl palmitate esters with or without salt. The ability of the lipase to effectively catalyze the esterification reaction for fatty acid ester synthesis with or without salt is of immense biotechnological potential because the enzyme can be utilized in both conditions. Fatty acid esters are important components in several cosmetic formulations which have found application as emollients, emulsifiers, thickening agents, re-fatting agents, solubilisers, and multifunctional additives [5] . Long-chain esters are beneficial operational compounds with response to the needs of several fields of application in lubricant, cosmetic, and pharmaceutical industries [60] . For instance, 2-ethylhexyl palmitate otherwise known as octyl palmitate, and butyl palmitate are used as solvent, fragrance fixative and as an emollient (softener) in personal skin care products [61] . To our best knowledge, this is the first attempt utilizing crude M. litoralis halophilic lipase as an enzyme for potential palmitic acid esters synthesis with high yield in a non-aqueous medium, with or without salt conditions. Besides, ester production from medium chain fatty acids and medium-chain alcohols using halophilic lipases as biocatalyst has received dearth attention.
In conclusion, lipase from a moderate halophilic M. litoralis SW-45 has significantly improved through medium components and process parameters optimization, and its optimal functional and biochemical characteristics were investigated. Using both OFAT and statistical optimization approach, the halophilic lipase production was enhanced from 0.603 U ml −1 under the unoptimized condition to 1.0307 U ml −1 , giving 1.7 fold increases in lipase production. Moreover, the lipase was impressively compatible and stable in the organic solvents tested, as well as showing considerable tolerance to some surfactants, metal ions, and inhibitors. It was therefore not surprising that the lipase was equally found to be potentially useful as an enzyme for the production of medium-chained esters both with and without salt conditions. Since these results have revealed that MLL possess an immense potential in the biotechnological industry, further esterification optimization studies, as well as expression of this characterized halophilic lipase in a heterologous host, has been proposed in order to unlock the innate biotechnological potentials of the strain.
